• AIM: To evaluate the ability of macular ganglion cell complex (GCC) thickness using Fourier domain optical coherence tomography (FD-OCT) to detect glaucoma in highly myopic eyes.
INTRODUCTION
G laucoma is the leading cause of irreversible blinding disease, characterized by loss of retinal ganglion cells (RGCs) followed by visual field defects. Standard automated perimetry has become the clinical gold standard for diagnosis and follow-up of glaucoma. However, clinically detectable structural change can precede the onset of visual field loss by up to 5y [1] . Peripapillary retinal nerve fiber layer (RNFL) measurements by optical coherence tomography (OCT) have been known as a good structural parameter to detect glaucoma [2] . Nevertheless, the optic disc of high myopic eyes is often accompanied by tilting, and peripapillary atrophy, which hamper precise diagnosis of glaucoma [3] [4] [5] . Furthermore, several studies have demonstrated that high myopic patients frequently tend to have thinner RNFL than the normal population, leading to inaccurate diagnosis of glaucoma [6] . The macula is expected to be the best location to evaluate RGC changes, because more than 50% of all RGCs are concentrated and multilayered there and RGCs bodies are 10 to 20 times the diameter of their axons [7] [8] [9] . Macular ganglion cell complex (GCC) includes three retinal layers: inner plexiform layer (IPL), ganglion cell layer (GCL), and the RNFL, representing dendrites of the RGCs, cell bodies and axons. RNFL and GCL become thinner as RGCs die from glaucoma. Therefore, macular GCC measurement may have a good ability to detect glaucoma [7] . Recent studies showed conflicting results about the ability of macular GCC thickness to detect glaucoma in high myopic eyes. Shoji et al [10] [11] and Zhang et al [12] reported that the GCC thickness was better to the RNFL thickness to detect glaucoma in high myopic eyes, while Kim et al [13] and Choi et al [14] found there was no significant difference in the detection ability between RNFL and GCC thickness. In the present study, we used RTVue Fourier domain optical coherence tomography (FD-OCT) to compare the ability of macular GCC thickness and peripapillary RNFL thickness to diagnose glaucoma in high myopic eyes. Glaucomatous eyes were defined as those with a glaucomatous visual field defect and the appearance of a glaucomatous optic disc irrespective of the level of IOP. In the pattern deviation plot, when presenting three or more significant (P<0.05) contiguous points with at least one at the P<0.01 level on the same side of the horizontal meridian, it means a field defect. Normal eyes were defined as those with IOP <21 mm Hg, no family history of glaucoma and intraocular surgery, and no retinal diseases, and no glaucomatous optic neuropathy. Two independent masked glaucomatous specialists defined normal appearance of the optic disc. In the case of a disagreement, a third specialist reviewed the stereo photographs and made a determination.
SUBJECTS AND METHODS Participants

Optical Coherence Tomography Measurements
The thickness of the RNFL and GCC was measured by RTVue FD-OCT (software version: 4.0), which acquires 26 000 A scans per second and has a 5 mm depth resolution in tissue.
The RNFL thickness was determined by the optic nerve head (ONH) protocol comprising 12 radial scans 3.4 mm in length and 13 concentric ring scans ranging from 1.3 to 4.9 mm in diameter, all centered on the optic disc. The GCC thickness was determined by the GCC protocol comprising 15 vertical lines at 0.5 mm intervals and one horizontal line. The center of the GCC scan is shifted 0.75 mm temporally to improve sampling of the temporal periphery. Images with signal strength indicator (SSI) <40 (as suggested by the manufacturer) were excluded from the analysis. Statistical Analysis Only the data of the left eye from each patient were used for analysis. Baseline characteristics were summarized in counts and proportions or mean±standard deviation (SD). χ 2 tests or unpaired t-tests were used for comparisons between groups. Receiver operating characteristic (ROC) curves were constructed for RNFL and GCC parameters to diagnose glaucomatous eyes by plotting sensitivity versus one-specificity. The area under each ROC curve [area under the curve (AUC)] was calculated. The parameters with the largest AUC were selected from RNFL and GCC algorithms to compare diagnostic ability. The method of DeLong et al [15] was used to compare the largest ROC curve. Statistical analysis was performed using SPSS for Windows (version 19.0.0). P values less than 0.05 were considered statistically significant.
RESULTS
During the enrollment period, a total of 157 eyes from 157 individuals who agreed to participate were examined. Ten eyes were excluded because of low signal strength scores. Sixteen eyes with high myopic were excluded owing to the presence of a macular hole (n=1) or epiretinal membrane (n=2) or macular retinoschisis (n=13). In the HMN group, seventeen eyes with axial length more than 29 mm were excluded from analysis. Thus, a total of 114 eyes of 114 participants were included in the analysis: 44 HMN subjects, 31 NHMN subjects, and 39 HMG patients. Table 1 summarizes the demographics and ocular characteristics of the subjects. The mean age among HMN subjects (29.6±8.8y) was significantly younger than that among HMG patients (36.9±11.3y; P=0.002). Between HMN group and HMG group, there was significant difference in sex (P<0.001), besides, central corneal thickness, axial length, and refraction (spherical equivalent) revealed no significant differences. Between NHMN subjects and HMG patients, age, sex, and central corneal thickness showed no significant differences, and there were significant differences in axial length and refraction (spherical equivalent; P<0.001).
The mean defects of visual field were -1.6±1.7 in the NHMN subjects, and were -12.3±9.8 in the HMG patients, and the differences between the two groups were significant different (P<0.001).
Both the average macular GCC thickness and average peripapillary RNFL thickness showed negative correlations with axial length (r GCC =-0.404, P=0.001; r RNFL =-0.561, P<0.001). Table 2 summarizes the distribution of GCC thickness and RNFL thickness in the three groups. In the HMG eyes, the average, superior, inferior GCC thickness were significantly thinner both than the HMN eyes and the NHMN eyes (all P<0.001). Focal loss volume (FLV) and global loss volume (GLV) were also significantly different compared with both the HMN eyes and the NHMN eyes (all P<0.001). When comparing GCC parameters between the HMN group and the NHMN group, except for focal loss volume, the others showed significant differences (all P<0.001).
In the HMG eyes, except nasal RNFL thickness, the average, superior, inferior, and temporal RNFL thickness were significantly thinner both than the HMN eyes and the NHMN eyes (all P<0.001). In the HMN eyes, except that the temporal RNFL thickness was thicker than that in the NHMN eyes (P=0.278), all the other parameters were significantly thinner than that in the NHMN eyes (all P<0.001). Table 3 shows the AUCs and the values with 95% confidence interval (CI) for detection of glaucomatous eyes. When using the HMN subjects as the normal control, the parameters with the largest AUC in GCC, and RNFL parameters were GLV (0.968), and average RNFL (0.855), respectively. The AUC of GLV was better than that of average RNFL (P<0.001). The ROC curves of these selected parameters (GLV, and average RNFL) are depicted in Figure 1 . While using the NHMN subjects as the normal control, the AUC of GLV increased to 1.000 (increased by 0.032), and the AUC of average RNFL added up to 0.990 (increased by 0.135). DISCUSSION With the reduction of infectious ocular diseases, glaucoma has become an important cause of blindness in China [16] . In this study, we confirmed that macular GCC thickness has better ability than that of peripapillary RNFL thickness to discriminate glaucoma patients from non-glaucoma subjects in high myopic subgroups. Ten years ago, some studies have focused macula to detect glaucoma from normal subjects. Because of low discriminating power of time domain (TD)-OCT, those studies tested total macular thickness and showed that peripapillary RNFL were more advantageous than macular parameters. FD-OCT allows more detailed and precise quantitative assessment of glaucomatous structural changes [17] . FD-OCT make it possible to image and measure macular GCC. In glaucomatous eyes, macular thickness decline is believed to be due to the loss of RGCs. Recent studies have demonstrated that macular GCC thickness had comparable diagnostic power with peripapillary RNFL thickness for glaucoma detection [18] [19] . However, in high myopic eyes, the RNFL thickness was significantly affected by refractive errors, and its ability to detect glaucoma was inferior to that in emmetropic eyes. In our study, the average, superior, inferior, and nasal peripapillary RNFL along with all of the macular GCC thickness were significantly thinner in the HMN group than that in the NHMN group, although the HMN group included a younger population on average. It is established that the RNFL thickness and macular GCC thickness decrease with aging [20] . Whereas the temporal RNFL was thicker in the HMN group than that in the NHMN group. These findings are in agreement with previous reports [13] [14] 21] . The possible reasons may be as follows. Myopia affects the distribution of the RNFL thickness around the optic disc [13] . With raising myopia, the inferotemporal and superotemporal RNFL bundles tend to converge temporally [8, 22] . Therefore, GCC measurements may be theoretically superior to RNFL parameters in high myopic glaucoma. Our results validated this point. We found that AUCs for the GCC-GLV and average RNFL were 0.968 and 0.855, respectively, and the difference was statistically significant. The present study implies that the macular GCC thickness attained higher diagnostic power than peripapillary RNFL thickness to detect glaucoma in high myopic patients. This result was in line with other findings [10] [11] . The internal normative database in current OCT instrument didn't include high myopic eyes. The average RNFL thickness become thinner to distant to optic disc because of a magnification effect of longer axial length leading to scan larger area. Thus values of AUC for average RNFL were better in NHMN eyes than HMN eyes. Our results indicate that the use of RNFL thickness to detect HMG may lead to false positive diagnosis when using the internal database. These findings are consistent with previous observations [23] [24] . Therefore, using the internal database may lead to improper interpretation of RNFL thicknesses when evaluating glaucoma with high myopia. As for the effect of myopia on the thickness of macular GCC measured by OCT, previous studies have obtained conflicting results. Ooto et al [20] found that there was not a correlation between axial length and macular GCC thickness, whereas some studies [25] including ours, showed a negative correlation between macular inner retinal layer thickness and axial length. We also found that there were significant differences in the average, superior, and inferior macular GCC thickness between the HMN and NHMN eyes. On one hand, retinal thinning associated with the extension of the retinal surface due to axial elongation. On the other hand, retinal thinning also associated with the projection artifact of the scanning area of the OCT instruments in HMN eyes. The measured thickness may change if a larger area is scanned in eyes with longer axis length. However, the influence of high myopia on GCC may be less than that on RNFL parameters, which was consistent with Shoji's study [10] . Shoji et al [10] found that macular GCC thickness efficiently detected glaucoma in both high myopic and emmetropic eyes, and only peripapillary RNFL thickness had a decreased ability for glaucoma detection in high myopic eyes. Thus, it is very important to install a normal database from normal eyes with high myopia as internal data in OCT instruments.
In conclusion, the macular GCC thickness had better ability to detect glaucoma in high myopia than peripapillary RNFL thickness from FD-OCT, although both the macular GCC thickness and peripapillary RNFL thickness were related with axial length. Thus, GCC assessment might be one of the best parameters for diagnosing highly myopia glaucoma. It would be more precise for glaucoma detection in high myopic patients if a normal database in high myopic eyes was available.
